In order to assess the role of visual, lexical, and contextual information on word identification during Korean sentence reading, a self-paced reading experiment was conducted. It was found, with regard to word length variables, that the number of syllables and the number of visual features affected reading times significantly, but the other sub-lexical units (i.e., phonemes and letters) did not. The findings suggest that when taking internal structure variations into account, the relevant processing unit in Korean in the context of sentence is the syllable. In addition, the main effects of both word frequency and predictability on reading time were significant, respectively; however, the interaction between these two variables was not. The results imply that Korean word recognition during sentence reading is affected by word frequency and word predictability, additively.
Introduction
The written language system of Korean is unique from other western alphabetic writing systems in several ways. As we will discuss, the orthographic system of Korean, Hangul, codes for sound at both the level of the phoneme and the syllable simultaneously. Moreover, the Korean Hangul system has more directly embedded the morphology of the spoken language. That is, the spatial packaging of the written syllables, the kulja, reflect more than just the phonological structure (e.g., 사 "sa"), but will preserve the morphological variance of that same syllable (e.g., 운전-사 "wuncen-sa" meaning drive-er). Lastly, the syntactic structure of the spoken/written language is more flexible than systems like English that have definitive word order. Thus, the influences on visual word processing in Korean may be fairly unique from systems like English particularly in the context of processing written discourse. The aims of the present study are to examine whether visual word processing in Korean operates under similar orthographic, lexical, and contextual constraints as other written language systems like English or do the variations in writing systems result in unique patterns for Korean. Moreover, the present study focuses on word processing during sentence reading, which is more ecologically valid of naturalistic reading than processing words in isolation which tend to reflect meta-linguistic processes that may be more sensitive to task-specific demands (Balota & Yap, 2006) .
In order to address these aims, we first explore how the nature of a language and its writing system differentially affect the word identification process (Perfetti, 2003; Taylor, 1980; Frost, Katz, & Bentin, 1987) . For example, although word length is consistently shown to be a primary predictor in word identification in English, this effect may depend on the nature of the orthographic structure of the language. As stated earlier, the Korean writing system has both alphabetic and syllabic properties unlike English, which is alphabetic but not syllabic. However, little research has been conducted to determine how factors such as word length, word frequency, syllabic and subsyllabic features affect the processing of Korean words in sentences. For instance, the letter or sub-syllabic features such as the body-coda (CV-C) have been shown to provide additional constraints on the recognition and processing of Korean words in isolation (Kim & Bolger, 2016; Yoon, Bolger, Kwon, & Perfetti, 2002) . Given the efficiency afforded by this transparent alphabetic system, it is possible that such factors affect processing written words on-line in the context of larger discourse. The example in the figure shows the two-syllable word "chayk sang" (desk in English) with the left-most "box" containing the first CVC syllable (i.e., the letters, ㅊ, ㅐ, ㄱ), and the right-most "box" containing the second CVC syllable (i.e., the letters, ㅅ, ㅏ, ㅇ). The boxes are shown to illustrate the spatial arrangement of the individual letters in the syllables.
character indeed increases the complexity that may elicit differential level of processing load (Yeh & Liu, 1972) . Thus, it is questionable whether the numbers of strokes (a measure of orthographic complexity) affect word recognition in Korean.
At a higher level, Korean sentence structure is different from many other commonly studied languages (e.g., English) in that it is head-final, which simply means that verbs are placed at the end of sentences (i.e., SOV word order; see Figure 2 ). Therefore, an extensive set of noun phrases (e.g. subject, direct object, indirect object) and modifiers occur prior to the verb in a sentence. Moreover, the use of case markers and lack of articles allow for word order in Korean to be more flexible than in English, and syntactic categories are frequently labeled by case markers (e.g., '는' /-nun/ for a subject and '를' /-lul/ for an object in Figure 2 ). These important characteristics of Korean may influence the word predictability effect because it is determined, at least in part, by the syntactic information that occurs prior to a given word. Thus, one might predict that, in the case of Korean, the head-final syntactic structure and the use of case markers might together provide relatively weak contextual constraints on each word in a sentence, especially weak syntactic constraints, and thereby reduce the overall size of any word predictability effects that might be observed in the present experiment.
Note: * indicates the case markers for subject and object, respectively. 
The effect of word length
Word length is thought of as a fundamental constraint to identify a word (New, Ferrand, Pallier, & Brysbaert, 2006 for review), and its universal importance has been suggested by results of many different languages, such as Korean (Park, 1993; Lee & Kim, 1989; Nam, Seo, Choi et al., 1997) , English (Lee, 1999; Lima & Pollatsek, 1983; Spoehr & Smith, 1973; Prinzmetal, Treiman, & Rho, 1986) , Hebrew (Lavidor & Whitney, 2005) , and French (Juphard, Carbonnel, & Valdois, 2004) . These studies have generally found longer latencies for naming and lexical decision for target words that are longer in length both orthographically and phonologically. This result is thought to be due to the fact that our visual system has limited visual acuity which makes it more difficult to identify larger objects (e.g., words). In addition, the tasks that have been used (e.g., naming) contain particular metalinguistic demands, for instance, matching the printed scripts to their sounds. If the time to complete these processes increases linearly as the number of characters increases (which would be true as word length increases), then it would take more time to name long words than short words. In relation to word length, one might ask whether or not other variations within a word affect reading process. One possible variation within a word can be its internal structure, that is, density or complexity. Different ways of writing words might result in different levels of visual complexity.
In relation to the processing unit during word recognition, some studies using Korean found the role of word length, for instance, to be an effect of the number of letters (Park, 1996) or the number of letters and strokes (Nam et al., 1997) using word in isolation tasks (e.g. naming or lexical decision). However, whether these processes will persist with different types of tasks (e.g., silent reading of words in sentences) is still unknown. Reading a word in a sentence might affect the role of sublexical units in single-word recognition. In addition, the orthographic properties of Korean, which is printed not as a linear arrangement, but as a packaged arrangement within a character space, might affect this process in a sentence reading situation. For example, when native-Korean speakers read a sentence, they might be less affected by detailed features within a single word possibly because details in a square space of syllable can be processed in parallel.
In terms of the internal structure of Korean words, there are two properties of the Korean alphabetic (Hangul) system: the first is the different types of CV blocks that can be used to construct words (Taylor, 1980) ; the second is the number of visual features making up letters and words. In Hangul, the square-like spatial arrangements of the individual letters within each syllable may possibly relate to the complexity of a word, because there can be relative variation of the visual features or the number of CV block types in the limited space. For instance, words consisting of the same number of syllables can consist of different CV blocks, and thus contain different numbers of visual features. According to Taylor (1980) , there are five different CV combination types that can be categorized into three levels of visual complexity (see Table 1 ).
Basically, the complexity increases by adding a consonant. These levels of complexity might be predicted to affect word recognition simply because increasing the complexity of a word increases the number of visual features, and thereby induces more low-level visual processing necessary to identify the word. Therefore, it may be worthwhile to test the role of complexity during Korean word recognition.
With respect to the internal structure of Korean words, visual features should be considered as a component of processing units. The visual features of Hangul are similar to the stroke patterns in Chinese (Wang, 1981) . Nam and colleagues (1997) examined the role of sublexical units in Korean as well as the visual features, such as horizontal, vertical, and Table 1 ). Their naming and lexical-decision experiments showed that the reaction times in these tasks increased as the number of visual features in the words increased, even when the number of syllables was controlled. These results may reflect the fact that native speakers of Korean are sensitive to the visual complexity of words, even though these visual features are not related to the linguistic aspects of the language. Based on the internal structure of a Korean word, one might still ask whether or not the CV blocks and/or visual components of the letters (e.g., vertical lines) have a role in word recognition within text. Although two previous studies dealt with characteristics of the internal structure of Korean, neither tested its effect on word recognition during sentence reading. Taylor (1980) used a non-language task and Nam et al. (1997) used recognition task of isolated words. Task differences might be expected to induce a specific priority in word recognition, for example, compared to silent reading task, the naming task possibly requires that readers access phonological information from printed words.
The effect of word frequency
The second variable considered in the present study is frequency of occurrence. Many previous studies using a variety of different experimental methods have consistently demonstrated word frequency effects (Balota & Chumbley, 1984; Monsell, Doyle, & Haggard, 1989; Allen, McNeal, & Kvak, 1992) . Allen et al. (1992) examined the effect of word frequency by manipulating stimulus onset asynchrony (SOA), the interval between onset of the prime and the onset of the target. In their lexical decision experiments, word-frequency effects were found across the different SOAs, between the presentation of a letter string and a subsequent pattern mask in a lexical decision task, with no interaction between frequency and SOA. In addition, Monsell et al. (1989) designed a series of experiments to compare the effect of word frequency using different types of tasks (e.g., semantic categorization, syntactic categorization, etc.). The results showed a consistent word-frequency effect in lexical recognition with little variability of its effect size. Together, these results suggest that word frequency effects are robust and common.
A more interesting aspect of frequency could be its relationship with other variables in a word. For example, Lee (1999) found a main effect of word frequency and an interaction between frequency and word length with native English speakers, with larger word-length effects for low-frequency than high-frequency words. Studies of Korean have also reported this kind of interaction (Park, 1993; Nam et al., 1997) . For example, Park (1993) showed a larger frequency effect in 2-and 3-syllable words than in 1-and 4-syllable words. The interaction between word frequency and word length suggests the locus of both variables (Balota & Chumbley, 1985) . Namely, word length affects not only prelexical processes, but also lexical processes, because the interaction between these two variables can be interpreted as evidence that both variables share a processing stage (Sternberg, 1969 ).
The effect of predictability
Finally, the contextual effect on word recognition is examined in the present study (i.e., word predictability). Word predictability has been studied using different methods like eye tracking (Rayner & Well, 1996) which examined the effect of contextual constraint on the eye movements of readers who encountered predictable versus unpredictable words in a sentence. Word predictability was defined as the amount of contextual constraint which was manipulated by cloze probability. In order to determine predictability, cloze probability was assessed in a separate group of participants that were asked to complete sentence fragments by filling in a target word. Low-constraint (i.e., unpredictable) target words induced longer gaze durations (the sum of all fixations on a word prior to movement to another word) as compared to medium-or high-constraint (i.e., predictable) target words. Participants were also more likely to fixate (i.e., have greater fixation probability) on words in the low-constraint than medium-or high-constraint conditions.
Another point about predictability that is relevant to the present study is that its effect varies considerably with stimulus quality; that is, the more degraded the stimulus, the greater the effect of context (Stanovich & West, 1983) . A recent study using Korean also reported a similar interaction between predictability and visual degradation. Lee (2004) manipulated the predictability of target words in sentences and asked native Korean speakers to make lexical decisions on target words that were visually degraded or normal. The results showed that performance improved when target words were highly predictable or visually normal, with the context effects being larger when the target words were visually degraded than when they were normal. This interaction leads to a prediction that predictability affects early stages of visual word recognition, namely, a prelexical processing stage. However, predictability is also expected to influence later stage of lexical processing by confirming the word meaning based on contextual information. Several eye-tracking studies in English (Rayner, Ashby, Pollatsek, & Reichle, 2004; Huck, Thompson, Cruice, & Marshall, 2017) or French (Miellet, Sparrow, & Sereno, 2007) showed that predictability does not interact with frequency, which suggests that these two variables influence different stages of word recognition, additively. This result is interesting because it is in contrast to the prediction that the effect of contextual information can be expected to be greater on less frequent words.
In sum, previous studies relevant to three main variables (i.e., word length, word frequency, and word predictability) have been reviewed. Because of the Korean writing system and orthography, internal structure properties should be considered (i.e., visual features and complexity). Together, these word length and internal structure properties will be investigated to examine what levels of sublexical units in Korean play a significant role during reading. In addition, word frequency and word predictability effects will also be investigated in the following two experiments.
The present study examines how processing written words in Korean is affected by three main variables: word length, frequency, and predictability. To understand whether the Korean writing system is susceptible to these factors of word processing, we employed a self-paced reading paradigm addressing the following four research questions: 1) What are the salient units of orthographic processing (e.g., letters or syllables) in the processing of Korean words and do they play a role in online visual word processing?
2) To what degree do lexical variables (e.g., word frequency) play a role in the reading of Korean words in text? Third, how much do the sentential constraints imposed by syntax and/or meaning (i.e., word predictability) affect word processing during the reading of Korean? Finally, how do the three main variables of interest (word length, frequency, and predictability) interact with each other?
Method
A cloze task was conducted to determine predictability norms for the stimuli. In the self-paced reading task, participants were asked to read sentences containing target words that were selected so as to vary along three main dimensions: word length, word frequency, and word predictability.
Cloze task
The objective of this cloze task was to select a set of target words that were highly predictable from their sentence contexts so that these items would be used in a self-paced reading experiment. Participants were presented sentence fragments that terminated with a blank (See Example Sentences). Participants were instructed to write down the first word that come to their mind after reading each fragment.
Example Sentence
Sentence fragment: 용욱이는/ 밤새워/ 시험 공부를 하기/ 전에/ 한잔의 _____. Pronounced: Yongwuk-i-nun/ pam-say-we/ si-hem kong-bu-lul ha-ki/ cen-ey/ han can-uy Phrasal meanings: Yong-Wook/ during overnight/ studying for exam/ before/ a cup of _____.
As shown in the example sentence, the main verb of the sentence was left blank as the verb in a Korean sentence, which is head-final structure, is frequently placed at the end of the sentence (after the target word) and thereby it might be thought to provide little constraint on the target word. Due to this head-final structure of Korean, the stimuli for this cloze task were designed to contain enough semantic constraint before the blanks (i.e., target words' positions) to explicitly manipulate the degree of predictability. In contrast, the verb in an English sentence is typically located near middle of the sentence, and thereby provides relatively more constraint on the target word.
Participants
Seventy-six native Korean speakers were recruited from a major university in Seoul, Korea. They were paid for their participation.
Stimuli and procedure
One hundred twenty partial sentences were presented on sheets of paper with each sentence fragment containing a blank space. This task was conducted as a pencil-and-paper test. Participants were asked to fill in the blank with the first word that comes to mind. The duration of the task was about 20 minutes.
Results
Thirty-two responses from the cloze task that were given more than 25% of the time in sentence fragments were assigned to the high-predictability condition (M = 60%; range = 25-97%). Note that the absolute range of words that were judged to be "predictable" in Korean was less than in the results of previous studies using English (Rayner et al., 2004) . The mean cloze-probability for highly predictable target words in Korean was 60%, whereas in English it was 78% (Rayner et al., 2004) . One possible reason for this difference is that the head final structure of Korean sentences promotes a more flexible word order than in English (e.g., Inoue, 1991; Mazuka & Lust, 1990 ) and may thereby reduce the effect of contextual constraint that comes from syntactic and/or semantic information. In other words, English sentences can provide both semantic and syntactic constraints on a target word in a sentence, but Korean sentences mostly provide semantic, not syntactic constraints on a target word.
Self-paced reading experiment
To investigate how word length, frequency, and predictability affect word reading in Korean, it is first helpful to explain how the properties of the Korean writing system and sentence structure would influence natural reading. First of all, a word-length effect is expected, as has been found in previous studies (Lee & Kim, 1989; Nam et al., 1997) . However, the effective processing units (e.g., letters, phonemes, and/or syllables) may be different from previous research using Korean because the task involves sentence reading and not naming or lexical decisions of isolated words. This prediction is plausible, if we can assume the following: When people read a sentence or a text silently, they might not need to activate phonological information of every single word explicitly (compared to a naming task), nor do they need to judge whether every given letter string is a word or not (compared to a lexical decision task). In addition, the internal structure of the Korean word, the type of CV blocks and the number of visual features, can affect the latency for word recognition, because of the packaged written form of Korean. Sometimes, different CV types (adding C or V) lead to additional phonological information, but not all the time. For instance, the last consonant "C" in CVCC usually only differentiates the words orthographically, not phonetically. Therefore, this complexity level can be tested to see Korean native speakers' sensitivity about the Korean syllable's internal structure. If native Korean speakers are sensitive to the internal structure of Korean, the complexity level could affect the reading time of words. Nam and colleagues (1997) demonstrated that latencies for naming and lexical decision for Korean words increased as the number of visual features increased.
The second prediction is that an effect of word frequency is also expected because it has been consistently shown across a number of experiments and tasks. This prediction is based on the traditional definition of word recognition as a pattern recognition process in which the visual input is encoded and looked up in the mental lexicon to find the best match (Tsai, 2001) .
Finally, an effect of word predictability is predicted even if Korean has a more flexible word order than English, which means that the words preceding the target words could be thought to provide syntactically weaker constraints compared to English.
As well as three main effects, we also predict there will be interactions among the variables. Previous studies of Korean (Park, 1993; Nam et al., 1997) showed an interaction between word length variables (letters or syllables) and word frequency. In particular, Park (1993) reported an interesting pattern of interaction that depended on the task. Park used one to four syllable words with high-and low-frequency words. In the naming task, reaction time increased as the number of syllables increased in 1-4 syllable words, but the frequency effect was larger in two and three syllable words (21 ms vs. 31 ms) than in one-and four-syllable words (1 ms vs. 10 ms). This interaction between the number of syllables and word frequency was significant. A similar pattern of results was found for the lexical decision task -both the main effects of syllable and of word frequency, and the interaction were significant, but the reaction time for one-syllable words was longer than two-syllable words. Park (1993) suggested that a possible reason for this pattern of reaction times might be semantic uncertainty of one-syllable words in Korean. This is because one-syllable words may have many homophones, and most syllable units (kulja) are combined into multiple-syllable words. Therefore, it is unclear whether this result will replicate in this present experiment using words in a sentence. If the sentential context is reliable, then the semantic uncertainty of one-syllable words can be reduced, and the reading time may be faster than for twosyllable words. In his results, the interaction pattern in the lexical decision task is consistent with the result of the naming task, and it is more salient. Frequency effects were greater in two-and three-syllable words (82 ms vs. 62 ms) than in one-and four-syllable words (41 ms vs. 30 ms). Based on the previous studies, we predict that an interaction between number of syllables and word frequency will be found in the current experiment. However, the interaction pattern may be modulated by the effect of context in this current experiment.
For the purpose of examining how the visual, lexical, and contextual characteristics of Korean affect word recognition during natural reading, word length, frequency, and predictability were manipulated among the target words. To do this, three different sets of stimuli were constructed as described in the next section.
Participants
Twenty-one native speakers of Korean in the Pittsburgh community participated in this experiment, and twenty-five Koreans in Seoul also participated. All of the participants had normal or corrected-to-normal vision and received monetary compensation for their participation.
Stimuli
A set of 108 sentences was generated, and part of this sentence set originated from the cloze-task (see stimulus Set III). These stimuli consisted of three sets of 32 sentences and 12 filler sentences. Only a small number of fillers were included because each set was expected to function as fillers for the other sets. More specific information about each set of sentences is given in the following:
Set I consisted of 32 sentences containing target words that varied in terms of word length (i.e., number of syllables: 1-4) and word frequency (high frequency: Mdn = 180 per million, 1 range = 59-849; low frequency: Mdn = 1.3 per million, range = 1-26). Therefore, the properties of the target words in Set I provided the opportunity to evaluate the effect of the number of syllables as a possible unit of word length, and a possible interaction with frequency. Although there are other ways to define word length (e.g., number of letters), the number of syllables in Korean is strongly correlated to these other word-length measures (Nam et al., 1997) . Therefore, only the number of syllables was considered in this first stimulus set; the possible roles of the other units of word length are examined in Set II, while the number of syllables is controlled.
Set II consisted of 32 sentences containing two-syllable target words with various numbers of phonemes (M = 5.1; range = 3-7) and letters (M = 2.6; range = 2-6). The internal structure properties of the Korean words also varied in this set, but they were not directly manipulated (as was frequency in Set III) based on two properties: the various possible syllable-block (CV) combinations (Taylor, 1980) , and the number of visual features (number of strokes). As Table 1 shows, CV block combinations can have three levels of complexity based on a single letter, so the complexity of the present stimuli was based on the sum of each syllable's complexity level (M = 4.8; range = 3-6). The number of visual features was also based on the sum of all components in each word (M = 12.7; range = 7-19).
Set III consisted of 32 target sentences extracted from the cloze task and containing four types of target words: (1) high-frequency predictable words; (2) high-frequency unpredictable words; (3) low-frequency predictable words; and (4) low-frequency unpredictable words. The frequency of the high-frequency words was over 53 per million (M = 149, Mdn = 114, SD = 134) and the frequency of the low-frequency words was less than 9 per million (M = 2.9, Mdn = 2.3, SD = 2.5) based on Korean frequency database (National Academy of the Korean Language, 2002). Predictable target words were selected from the responses in the cloze task that were given more than 25% of the time (M = 60.38%, Mdn = 63%, SD = 17.64%).
In sum, as Table 2 shows, each target word (high-or low-frequency) was embedded in sentences that made the words either predictable or unpredictable. In the unpredictable conditions, target words were selected from responses that were given less than 1% of the time. To control word length, all of the target words in Set III were two-syllable words (except for two of the items, which were three-syllable words).
Fillers consisted of 12 sentences that were presented as longer, multi-word units (e.g., phrase by phrase or a whole sentence at a time) as compared to the experimental sentences to prevent participants' automatic pressing of the button without their possessing or comprehension of the individual words. On Sunday, postponed, laundry, and, cleaning, have to.
차가 더러워졌으니 일요일에는 반드시 청소를 해야겠다.
Car, dirty, on Sunday, necessarily, cleaning, have to.
차가 더러워졌으니 일요일에는 반드시 세차를 해야겠다.
Car, dirty, on Sunday, necessarily, car wash, have to.
일요일에는 미뤘던 빨래와 세차를 해야겠다.
On Sunday, postponed, laundry, and, car wash, have to.
Notes: Bold indicates target words; HF: high-frequency targets; LF: low-frequency targets; P: predictable targets; U: unpredictable targets.
Procedure
Participants completed a questionnaire about their gender, age, college major, and language background, and then they were instructed to begin the self-paced reading task. The sentences were presented one at a time on a computer program designed for self-paced reading experiments. 2 The initial display consisted of a line of dashes preserving spaces between words. The participants were instructed to press the space bar to see the first word, and then to press the bar to see each new word of the sentence; thus, whenever participants pressed the space bar, each set of dashes changed to a word (i.e., a self-paced moving window paradigm where each new word replaced a set of dashes). During this process, a presented word is changed to a set of dashes when participants pressed the space bar to see the next word. When only one word at a time is presented, this procedure yields a processing time measure for each word in the sentence. Participants were also instructed to read at a natural rate and to comprehend what they were reading. Before starting the experimental session, each participant read five practice sentences to become familiar with the procedure. During the experimental session, true/false comprehension questions were randomly presented after one fourth of the sentences (on average) to impose on-line comprehension of the sentence and to avoid "mechanical" pressing of the button to move forward through the text. They answered these questions by pressing the "F" key for "yes" or the "J" key for "no". They were then given feedback if their answer was incorrect. The computer automatically displayed the onset of the next sentence following each sentence or comprehension question.
Results
All reading times for target words that were more than 3 SD's from the mean of each stimulus set were excluded from the data analyses. Two participants from the Seoul group were also excluded from the data analyses because they had already participated in our cloze task, and three participants (two from Pittsburgh and one from Seoul) were excluded because they had a significant number of long reading times (i.e., 33% more than 3 SD's from the mean). Therefore, 41 participants' data were analyzed. All of the reading times for target words are re-calculated by dividing the mean times by the number of syllables in each target word. (This was necessary because Korean words in a sentence are typically combined with case markers; e.g., un, nun, i, ga for subjects, and ul, lul for objects. Details of this procedure are reported with the results of each stimulus set.)
Set I: Word length (number of syllables) and frequency
Before analyzing the data of Set I, 1.3% of the data more than 3 SD's from the mean were excluded. Unfortunately, there were not equal numbers of 1-4 syllable words in this stimulus set. Therefore, a hierarchical regression analysis was conducted using the order as the number of syllables, corrected frequency (i.e., logarithmic frequency), and the interaction between those two variables as predictors. The results are shown in Figure 3 shows the result of reading times dependent on word frequency and number of syllables. In general, as far as word frequency is concerned, high-frequency words received shorter reading times than low-frequency words (M = 298.9 ms vs. 326.9 ms). This result replicates findings that frequent words were represented more accessibly status than infrequent words, as many previous studies have shown.
In addition, the mean differences between high-and low-frequency words across syllables imply that the frequency effect size is different depending on the number of syllables. This result is basically consistent with interactions between frequency and length as shown in previous English and Korean studies using naming and lexical decision (Lee, 1999; Park, 1993; Nam et al., 1997) . Interestingly, however, the pattern of the effect sizes of frequency in this experiment is different from a previous study (Park, 1993) which also reported the interaction between those two variables in Korean. Park (1993) found effects of word length (defined as the number of syllables), word frequency, and an interaction between these two factors when participants were asked to name and make lexical decisions about target words. However, there is one difference between Park's (1993) results and those of the present experiment: Park (1993) showed a larger frequency effect for two-and three-syllable words compared to one-and four-syllable words, but he did not suggest any interpretation about this tendency of frequency effect. In contrast, the present experiment showed the different pattern of interaction as Figure 3 , namely that word frequency effects were greater in one-and four-syllable words than in two-and three-syllable words. For the different effect sizes of frequency depending on the number of syllables, we examined the numerical ratio of 1-4 syllable words in the database that was used in this study. The ratio is 1: 17: 14: 5, respectively. Therefore, we can conclude that the larger effect of frequency in one and four syllable words in the present experiment is because one and four syllable words are expected to be used relatively less frequently as compared to two-and threesyllable words, and it possibly made Korean native speakers' sensitivity to one-and four-syllable words much higher compared to two-and threesyllable words. It is possible, though, that latency of word recognition is a function of not only the syllabic types (1-4 syllable), but also token frequency of each syllabic type.
Set II:
Word length (number of letters, phonemes) and visual complexity 1.5% of data more than 3 SD from the mean were excluded from the analyses. Because each of the target words of Set II was a two-syllable word, only the number of phonemes (and letters, since in Korean the two are highly correlated) varied across the target words (in contrast to the target words in Set I). The visual complexity level of each word was also defined using both the CV block measure (see Table 1 ) and the number of visual features (Nam et al., 1997) .
A hierarchical regression analysis as an order of the number of letters, phonemes, and visual features, along with visual complexity showed that only the number of visual features reliably predicted reading times (r = .373, p < .05). These results are partially consistent with results from experiments using words in isolation, such as with a lexical decision task or a naming task (Nam et al., 1997) both of which showed the effects of other sublexical units (i.e., phonemes, letter) as well. Thus, the sublexical unit effect might be different depending on the task, for example, when native speakers of Korean read a sentence, they may be sensitive to the internal structure, but not phonemes and letters. The task in this experiment was self-paced reading, word by word, and silent reading might not require explicit phonological processing as single word metalinguistic tasks often do.
Set III: Word frequency and predictability
In Set III, 1.7% of the data in excess of 3 SD's of the mean were excluded from analyses. A 2 (high vs. low frequency) Î 2 (predictable vs. unpredictable) ANOVA indicated reliable effects of word frequency [F(1, 40) = 5.54, p < .01] and a marginal effect of predictability [F(1, 40) = 3.80, p = .058], but no interaction (F < .5). A power analysis indicated that the latter was not likely to be a Type II error (power = .055). The overall findings from Set III were thus consistent with previous eyetracking experiments that have examined the same variables in English (Altarriba, Kroll, Scholl, & Rayner, 1996; Hulk et al., 2017; Rayner, Binder, Ashby, & Pollatsek, 2001; Rayner et al., 2004) or French (Miellet et al., 2007) . As in these experiments that used English, Korean also showed the effects of word frequency and predictability, but no interaction. Therefore, we can conclude that word frequency and predictability affect lexical access additively or that the effect different stages of lexical processing (e.g., prelexical vs. post-lexical processing). The fact that there was a relatively weak effect of word predictability in Korean can probably be explained by the relatively lower cloze probability in this experiment.
General Discussion
In the present study, a self-paced reading task was administered to examine how three types of factors, visual, lexical, and contextual factors, affect word recognition during reading Korean sentence. The results showed that reading times of Korean words within a sentence were affected by the number of visual features and the number of syllables, but not by number of phonemes or letters. Word frequency, representing a lexical variable, also had a significant effect on reading time for target words as many other previous studies have shown; therefore, we can conclude that readers rapidly access the meaning of frequent words as compared to infrequent words. In addition, the interaction between frequency and the number of syllables was significant. Another major finding of the present study was that word predictability reliably affected the reading times of target words. However, an interaction between word frequency and word predictability was not found.
Results of the present experiment can provide an opportunity to compare word recognition mechanisms in Korean with findings from studies using other languages. By comparing empirical findings from different languages, we can delineate the universal properties of word recognition and language dependent processing in word recognition as well.
Perfetti (2003) argued that reading has universal properties that reading requires the reader to make links to language at the phonological and morphemic levels. At the same time, the nature of the writing systems and orthographies that instantiate them do make a difference for important details of the reading process. In terms of universality in reading, we also speculate that word recognition is the foundation of skilled reading (Gough, 1984) , focused on its universal properties and language-dependent constraints.
To address comparisons of Korean and other languages, we focus on only a few highly distinct languages that represent different writing systems. Languages may be distinguished from one another via their writing systems and orthographies. As Perfetti (2003) illustrated, writing systems can be understood at two levels; mapping principle as a higher level and orthographic constraint as a lower level. Writing systems can be generally classified in three ways: Alphabetic, Syllabic, and Logographic. In addition, one of the approaches to an individual writing system could be the analysis of its orthography, and this approach might be useful to observe language dependent processing.
Processing Unit and Writing System
One of the goals of the present experiment was to examine what reading units have a significant role in word recognition in Korean. Among the various reading units, what types of units seriously affect word recognition process, and what is the preferred processing unit depends upon the type of writing system? According to Taylor and Taylor (1983) , various definitions of a reading unit are possible on the broad level. For example, a reading unit could be physically separable from others of its kind; it may have a sound; it may have a meaning. Several types of units can be summarized to two different types of processing units in a word. The first is the meaningless or sublexical units, such as letters, letter clusters, and syllables. The syllable is the unit of writing in a syllabary, such as the Japanese Kana, and syllables represent morphemes in the Chinese language and writing. The second type of units are meaningful or lexical units which are morphemes. Morphemes are the smallest meaningful units, and they may consist of a few alphabetic letters or one Chinese character. Stems, as free morphemes, and affixes, as bound morphemes, are also recognized as morpheme units.
Korean, having an alphabetic syllabary, shares properties with both English (alphabetic) and Chinese (morpho-syllabic) . This property is shown in the processing unit of Korean. First, as compared to the Chinese writing system, both Korean and Chinese have a similar written form -squareshaped characters. In particular, Korean words of the CVCC type are more similar to Chinese logographs (Taylor, 1980) . Although the internal structure variables are not directly related to word reading units, their influence has been reported. With respect to the internal structure, visual properties might play a role in both Chinese and Korean. In Chinese, there is a complexity of character which is measured by the number of strokes (Taylor, 1980) . A stroke is a dot, an L-shape, or a horizontal, vertical, or diagonal line, and there are about 20 stroke types (Wang, 1981) . A stroke in Chinese character is very similar to a visual feature in Korean (Nam et al., 1997) . Neither stroke nor visual feature relates any lexical or semantic information in Chinese and Korean. But, Yeh and Liu (1972) reported an adverse effect of complexity on recognition: latency for recognition was longer for complex characters (15 or more strokes) than for simple ones (10 or fewer strokes). A similar effect was found in a previous study of Korean using a lexical decision task (Nam et al., 1997 ) and the current experiment using self-paced reading task supports this conclusion. These results support the conclusion that both native speakers of Chinese and Korean are sensitive to this sort of visual factor, even if it is not directly related to word reading units.
Next, considering a purely alphabetic language, such as English, results from experiments showed the effect of word length, which can be measured in the number of letters (Lee, 1999; Balota & Chumbley, 1984) or in the number of syllables (Lovatt, Avons, & Masterson, 2000) . These results indicate that short words (e.g., one syllable) gain a benefit not only from working memory span (Baddeley, Thomson, & Buchanan, 1975) , but also from their decreased load on the phonological memory system (Lovatt et al., 2000) .
In Korean, previous studies (Lee & Kim, 1989; Nam et al., 1997 ) speculated that the number of syllables would potentially affect the latencies for naming or lexical decision tasks. In addition, Nam et al. (1997) found effects based on other sublexical units, such as the number of letters or phonemes. In contrast to the experiments using naming or lexical decision tasks, the present study employed self-paced reading and only found an effect of the number of syllables. Therefore, considering both the characteristics of the Korean writing system (i.e., alphabetic syllabary) and task difference (self-paced reading), these findings suggest that the preferred processing unit of printed Korean words is the syllable, which takes the internal structure of Hangul variation into account. This conclusion is also consistent with some previous results which found that the frequency of syllable and the number of syllables that were kulja (Yi, 1993; Lee & Kim, 1989) .
Word recognition within sentences
The task situation in this experiment, words within a sentence, was reflected in some of the results. The first relevant result is reading time across words with different numbers of syllables, which was linearly increased as the number of syllables increased (i.e., 1-4 syllables). This is inconsistent with the results from the previous studies of word recognition in Korean (Park, 1993; Bae, Park, Lee, & Yi, 2016) . For instance, Park (1993) showed that latency for one-syllable words in lexical decision is much longer than twosyllable words (i.e., monosyllabic word inferiority effect). Park interpreted this result to mean that monosyllable words have greater semantic uncertainty compared to words with different numbers of syllables. However, the design of the current study, where a word was embedded in a sentence, could eliminate the semantic uncertainty of monosyllable words, so the reading time for monosyllable words have been found to be faster than two-syllable words.
Another result related to having the word in a sentence is that the current experiment did not find the effects of the number of letters or phonemes. A previous study (Nam et al., 1997) found both main effects in naming and lexical decision. It is possible that the effects of both sublexical units can be reduced in words in text. Silent reading also implies the inner articulation of words. It is also possible, however, to diminish the resource for referring to the phonemic information to process word meaning. In other words, readers are expected to not necessarily access all of phonological information from the printed words during silent reading task. In addition, we also can consider a relationship between task characteristics and orthographic depth. This effect could be more salient in shallow orthographic scripts (i.e., Korean), and, as a result, there could be no effect of the number of phonemes as seen in this experiment, differently from Nam et al. (1997) 's findings.
Next, interaction between word length and frequency can be discussed. Regression analyses from Set I showed an interaction between the number of syllables and frequency. In regards to this interaction, the frequency effects were larger in one-and four-syllable words than in two-and threesyllable words. This pattern of interaction reflects the existence of syllabic types (1-4 syllable) in the corpus that was referred to for selecting stimuli. The ratio of one-syllable word: two-syllable word: three-syllable word: four-syllable word in the corpus is to 1: 17: 15: 4. Therefore, it is plausible that the processing latency for one-and four-syllable words is more sensitive to word frequency than for two-and three-syllable words. This is possible because native Korean readers have more experience with twoand three-syllable words than with one-and four-syllable words in their reading situations, and these different experience may influence Korean readers' different sensitivity to word frequency depending on the number of syllables. Note that this tendency of interaction was different in previous studies (Nam et al, 1997; Park, 1993) .
Context Effect: Word Predictability
The strength of sentential constraints was normalized as the predictability of target words, and the cloze task conducted relatively low cloze probability probably due to the head-final structure of Korean sentences. The result showed, however, a significant but a slightly smaller effect of predictability compared to English studies. The effect of word predictability could provide additional information about a dimension of word recognition, namely word in text.
Next, the question about interaction between the predictability effect and frequency effect arises. First of all, a word frequency effect was shown robustly, implying that we probably have easier access to the mental lexicon in frequent words than in infrequent words. Interestingly, however, there was no interaction between these two variables in the present experiment. This is consistent with several eye tracking studies (Miellet et al., 2007; Hulk et al., 2017; Rayner et al., 2004) . It might be explained by logic of interaction patterns (Sternberg, 1969) . According to Sternberg, if there is an interaction between two factors, both factors affect cognitive processes at the same stage. Otherwise, if there is no interaction, both factors share a processing stage at least.
Finally, it is deserved to discuss how the three main variables of interest (word length, frequency, and predictability) affect the reading of Korean. Based on all of the findings from the current study, a comprehensive understanding of the reading of Korean could be described in the following. In the early stage of reading Korean, word length (i.e., syllable) and visual complexity (or perceptual difficulty) influence word recognition. At the same time, word predictability, which is heavily constrained by the prior syntactic and/or semantic context, also impacts this process. This is plausible because a previous study using Korean (Lee, 2004) showed a reliable interaction between predictability and visual gradation. Therefore, we can conclude that predictability is also involved, at least, in the early stage of processing with Korean. After this prelexical processing, a reader acquires the word meaning by accessing the lexical information of the given words. At this stage, the word-frequency effect plays a critical role for achieving this process, and the degree of the frequency effect varies with the word length. Again, the word-length effect lasts from the prelexical processing stage to the lexical processing stage.
Conclusion
The evidence from the present study has some implications. As an alphabetic syllabary writing system, Korean word recognition is reliably affected by the number of syllables and visual features. It indicates that Korean writing system shares its properties with neighbor writing system (alphabetic, syllabic, and logographic). Therefore, both visual features as a logographic property and syllables as an alphabetic property have influence on Korean word recognition. Although the current study could not explain why there were no effects of letters and phonemes on reading times, it was possible that the task situation (i.e., word in sentence) may contribute to the reduced effect of the sublexical units. Word frequency is a strong factor for Korean word recognition regardless of task. Word predictability also has a significant role in this process, even if its cloze probability was lower (by weak syntactic constraints) than English study. This may reflect a broad difference between languages: Korean (or Chinese) is more topic prominent language rather than English which is more syntax prominent language (Li, 1976) .
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